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(54) PRODUCTION OF COMPOUND SEMICONDUCTOR SINGLE CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce compound 
semiconductor single crystals, especially compound 
semiconductor single crystals of zinc-blend structure such as 
GaAs and InP, by a VGF method or VB method in high yield by 
preventing generation of twin crystals at a crystal diameter 
increasing part. 

SOLUTION: In production of the compound semiconductor 
single crystals, a crucible 1, which has a seed crystal setting 
part 1 a at a center of a bottom part, a bottom surface of which 
inclines with a prescribed angle a of 80°< and <90° to a 
vertical direction so that the botton surface gradually is 
lowered toward its center and in which a corner part between 
the bottom surface and a flank has radius of curvature of 0< to 
<10mm, is used. At the time of executing crystal growing by 
the VGF method (vertical gradient freezing method) or VB 
method (vertical Bridman method), the temp, gradient of a 
molten raw material 3 at least at an inclined bottom part of the 
crucible 1, that is, in a region from a solid-liquid boundary 
between the seed crystal 2 and the molten raw material 3 at a 
point of crystal growing starting to beginning of growing of a 
straight cylindrical part of the crystals, is set to 1<to <5° 
C/cm, preferably 2<to <4.5° C/cm and more preferably 3<to 
<4° C/cm. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 1 ^ 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS === = ===== ^^ 

[Claim(s)] 

[Claim 1] Seed crystal is installed in the center of a pars basilaris ossis occipitalis at these seed crystal 
installation circles of a crucible that have the installation section of seed crystal. After putting in the raw 
material and encapsulant of a compound semiconductor in this crucible and enclosing the crucible in a tight 
container, Install this tight container in the heating furnace of a vertical mold, and heating fusion of said raw 
material and said encapsulant is carried out at a heater. In growing up the single crystal of a compound 
semiconductor by cooling the obtained raw material melt gradually from the bottom, and making it solidify 
toward the upper part from said seed crystal as said crucible While using the crucible which made 
predetermined 80-degree or more include angle of less than 90 degrees, and inclined to the perpendicular 
direction so that the base may become low gradually toward the core The manufacture approach of the 
compound semiconductor single crystal characterized by controlling the temperature gradient of the crystal 
growth direction of the inclined crucible bottom part to become in cm and 1 degrees C/cm or more less than 
5 degrees C /at least at the time of crystal growth. 

[Claim 2] The radius of curvature of the boundary part of the base of said crucible and a side face is the 
manufacture approach of the compound semiconductor single crystal according to claim 1 characterized by 
0mm or more being 10mm or less. 

[Claim 3] It is the manufacture approach of the compound semiconductor single crystal according to claim 1 or 
2 characterized by controlling the temperature gradient of the crystal growth direction of said crucible bottom 
part preferably to be set to cm in 2 degrees C/cm or more 4.5 degrees C /or less. 

[Claim 4] It is the manufacture approach of the compound semiconductor single crystal according to claim 1 or 
2 characterized by controlling the temperature gradient of the crystal growth direction of said crucible bottom 
part more preferably to be set to cm in 3 degrees C/cm or more 4 degrees C /or less. 

[Claim 5] The manufacture approach of the compound semiconductor single crystal according to claim 1, 2. 3, 
or 4 characterized by growing up the compound semiconductor single crystal of zincblende structure. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] perpendicular gradient freezing (hereafter referred to as VGF.) which this invention 
cools [ freezing ] the raw material melt of a compound semiconductor, concerning the manufacture approach 
of a compound semiconductor single crystal, and grows up a single crystal perpendicularly — law and 
perpendicular Bridgman (hereafter referred to as VB.) — it applies to law and is related with a useful 
technique. 
[0002] 

[Description of the Prior Art] general — a compound semiconductor single crystal ingot — manufacturing — 
hitting — liquid closure CHOKURARU skiing (LEG) — law or level Bridgman (HB) — law is used industrially. 
Since the liquid encapsulant (B-2 03) with which a wafer with a circular cross-section configuration is 
obtained with the diameter of macrostomia is used for an LEC method, while there are the advantages, — the 
crystal of a high grade is obtained — , since the temperature gradient of the crystal growth direction is large, 
the dislocation density under crystal becomes high and there is demerit in which the electric property of 
electron devices, such as FET (field-effect transistor) produced using the crystal, will deteriorate. On the 
other hand, since the temperature gradient of the crystal growth direction is small, while there is the 
advantage in which the crystal of low dislocation density is obtained, in order to make the HB method solidify 
the raw material melt of a compound semiconductor within a crucible, the cross-section configuration of a 
wafer where diameter[ of macrostomia ]-izing is difficult and was obtained has the demerit of becoming a 
boiled-fish-paste form in it. 

[0003] then — as the single crystal manufacture approach of having each advantage of an LEC method and 
the HB method — perpendicular gradient freezing (VGF) — law and perpendicular Bridgman (VB) — law is 
proposed. Since these VGF(s) method and a VB method have the small temperature gradient of the crystal 
growth direction where a circular wafer is obtained in order to use ****** 0 f a cylindrical shape, they have the 
advantage in which the crystal of low dislocation density is obtained easily. However, in the VGF method and a 
VB method, it is [ with the slight influential temperature fluctuation in a furnace ] easy the irregularity of 
****** been and stretched and the effect of a foreign matter, and there is a fault of being easy to generate 
twin crystal and polycrystal. 

[0004] About the effect of the temperature fluctuation in a furnace, development of a temperature control 
technique in recent years has been solved among those faults. Moreover, it can prevent now by use of liquid 
encapsulant (B-2 03) also about generating of the polycrystal from a crucible wall. 

[0005] However, the still effective preventive measure is not proposed to generating of twin crystal. Especially, 
the probability of twin crystal generating in a crystal increase diameter until it results [ from a crystal training 
start point ] in the body section is high, and has become the main causes of reducing the yield of single crystal 
manufacture from the body section of a crystal. 

[0006] when raising the compound semiconductor single crystal of zincblende structure like GaAs, InP, or GaP 
using seed crystal, it results from seed crystal to the body section — an increase — a diameter — between 
an include angle and the probability of occurrence of twin crystal, it turns out that there is close relation, 
namely, an increase when raising the crystal of bearing (100) — a diameter — a facet (111) side appears and 
twin crystal is generated from this facet side. The experiment whose this invention persons performed this is 
also checked. That is, when this invention persons performed crystal training, as the crystal which twin crystal 
generated, all twin crystal was generated along with facet growth. 

[0007] (1 1 1) A facet makes bearing (100) and the include angle of 54.7 degrees, therefore, an increase in order 
to prevent a facet (111) side appearing generally — a diameter — the include angle is made into [90-degree - 
54.7 or less "]. i.e., 35.3 degrees, however — an increase — a diameter — the increase of a crystal acquired 
when the include angle was made small — a diameter — it will become long, the yield of a wafer falls and 
productivity is bad. then — an increase — a diameter — although the attempt in which an include angle is 
made into 40 degrees - about 50 degrees is also made, effectiveness sufficient in respect of generating 
suppression of twin crystal is not acquired. 

[0008] moreover — JP,5-194073,A — an increase — a diameter — while using the crucible [ like ] with which 
an include angle becomes 80 degrees - 100 degrees — the field near the seed crystal — local — a 
supercooling condition — carrying out — abbreviation — after growing up a crystal in the level direction and 
making it grow up so that it may crystallize upper convex one further, the crystal manufacture approach of 
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cooling under a 5 degrees C/cm - 15 degrees C [/cm ] temperature gradient, and having made it solidify raw 
material melt is indicated. In order to cool raw material melt, holding a 5 degrees C/cm - 15 degrees C [/cm ] 
temperature gradient piping for cooling media is prepared in a heat sink, and he pours the medium for cooling 
and is trying to raise the heat dissipation nature of a^heat sinkfinto that piping by this manufacture approach. 
In addition, according to JP,5-194073,A, a temperature gradient cannot control the temperature distribution of 
melt easily so that the isothermal surface of raw material melt becomes convex voice by cm in less than 5 
degrees C /at a melt side, and it is supposed that a single crystal cannot grow it easily. Moreover, if a 
temperature gradient exceeds cm in 15 degrees C /, it will solidify rapidly, and it is supposed that a dendrite 
arises and it will polycrystal-be easy toize. 
[0009] 

[Problem(s) to be Solved by the Invention] However, it was shown clearly by this invention persons for there 
to be the following problems in the crystal manufacture approach indicated by above-mentioned JP.5- 
194073.A. That is, in order to control the temperature distribution of melt by JP.5-194073.A so that the 
isothermal surface of raw material melt becomes convex voice at a melt side, it is supposed that the 
temperature gradient at the time of cooling must be carried out [ cm ] in 5 degrees C /or more. However, 
temperature fluctuation according [ a temperature gradient ] to the convection current in raw material melt in 
5 degrees C/cm or more does not become small enough, but it is easy to generate twin crystal and 
polycrystal. That is, generating of twin crystal or polycrystal cannot be controlled to extent which can fully be 
satisfied. Moreover, in order to install piping for cooling media in a heat sink, there was also a fault that great 
cost started. 

[0010] this invention was made in order to solve the above-mentioned trouble, and twin crystal generates it in 
a crystal increase diameter — protecting — the high yield — a compound semiconductor single crystal 
especially GaAs, InP, etc. — like — the compound semiconductor single crystal of zincblende structure — 
VGF — it aims at offering the single crystal manufacture approach which can be manufactured by law or the 
VB method. 
[0011] 

[Means for Solving the Problem] in order to attain the above-mentioned purpose — this invention persons — 
abbreviation — the probability of occurrence of twin crystal is high by performing crystal growth using the 
crucible of a flat base configuration — an increase — a diameter — I thought that a crystal could be grown 
up, without forming. Moreover, by growing up a crystal in the shape of flatness from raw material melt, without 
making it grow up to be upper convex, the temperature gradient in raw material melt was made [ cm ] in less 
than 5 degrees C /, and I thought that temperature fluctuation could be made small. Furthermore, if the radius 
of curvature of the part which shifts to the body section of a training crystal from a crystal shoulder was large, 
since the number of facets which the time amount which the crystal growth of the part takes becomes long, 
and is generated would also increase, therefore it would become easy to generate twin crystal, I thought it 
effective to make into the value of predetermined within the limits the radius of curvature of the part which 
shifts to the body section from a crystal shoulder. 

[0012] This invention was made based on the above-mentioned view, and seed crystal is installed in these 
seed crystal installation circles of a crucible that have the installation section of seed crystal in the center of 
a pars basilaris ossis occipitalis. After putting in the raw material and encapsulant of a compound 
semiconductor in this crucible and enclosing the crucible in a tight container, Install this tight container in the 
heating furnace of a vertical mold, and heating fusion of said raw material and said encapsulant is carried out 
at a heater. In growing up the single crystal of a compound semiconductor, especially the compound 
semiconductor of zincblende structure by cooling the obtained raw material melt gradually from the bottom, 
and making it solidify toward the upper part from said seed crystal as said crucible While using the crucible 
which made predetermined 80-degree or more include angle of less than 90 degrees, and inclined to the 
perpendicular direction so that the base may become low gradually toward the core At the time of crystal 
growth, at least, the temperature gradient of the crystal growth direction of the inclined crucible bottom part 
is controlled so that 1 degrees C/cm or more less than 5 degrees C /2 degrees C/cm or more 4.5 degrees C 
[ /] or less become more preferably cm cm in cm and 3 degrees C/cm or more 4 degrees C /or less. 
Moreover, this invention sets the radius of curvature of the corner equivalent to the shift part from a crystal 
shoulder to the body section of the boundary part of the base of said crucible, and a side face, i.e.. a training 
crystal, to 0mm or more 10mm or less. 

[001 3] the increase of it — a diameter — a crystal grows in the shape of flatness from raw material melt, 
without forming. Moreover, since the temperature gradient at the time of cooling raw material melt and making 
it solidify is small, temperature fluctuation becomes small. Moreover, the crystal growth time amount of the 
shift part from a crystal shoulder to the body section of a training crystal becomes short, generating of a facet 
is controlled, and generating of twin crystal is prevented. As a result of measuring temperature fluctuation with 
the thermocouple formed in contact with the outside of the part corresponding to the crucible bottom of the 
tight container which enclosed a raw material and encapsulant according to research of this invention persons, 
it is suitable for temperature fluctuation that it is **0.1 degrees C or less. 
[0014] 

[Embodiment of the Invention] The crucible used for operation of this invention is shown in drawing 1 . 
moreover — drawing 2 — this invention — VGF — the outline of the crystal growth furnace used when it 
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applies to law is shown. 

[0015] By the single crystal manufacture approach concerning this invention, as shown in drawing 1 , seed 
crystal installation section 1a is prepared in the center of a pars basilaris ossis occipitalis of a crucible 1, and 
the crucible 1 which is formed and becomes so that base 1b <#f a crucible 1 may become low gradually toward 
the core, and the predetermined 80-degree or more include angle alpha of less than 90 degrees may be made 
and it may incline to a perpendicular direction is used, the reason the include angle alpha of base 1a of a 
crucible 1 is 80 degrees or more less than 90 degrees — less than 80 degrees — an increase — a diameter - 
- a part — since it is easy to attach a temperature gradient temperature fluctuation becomes large as a 
result and twin crystal is generated — it is — 90 degrees or more — an increase — a diameter — a part — it 
is because other grain boundaries grow and it becomes polycrystal. 

[0016] Moreover, the radius of curvature of 1d of corners by which a crucible 1 is equivalent to the shift part 
from a crystal shoulder to the body section of the boundary part of the base 1b and side-face 1c, i.e., a 
training crystal, is 0mm or more 10mm or less. The reason the radius of curvature of 1d of corners between 
base 1b and side-face 1c of a crucible 1 is 0mm or more 10mm or less is the probability of occurrence of twin 
crystal increases and not desirable according to this invention persons' examination result, if the radius of 
curvature is larger than 10mm. Moreover, about the minimum of the radius of curvature, since generating of a 
facet can be prevented so that radius of curvature is small, 1d of radius of curvatures of 0mm, i.e., a corner, 
does not need to be a curved surface. 

[0017] And as shown in drawing 2 , seed crystal 2 is put in in seed crystal installation section 1a of a crucible 
1, and the raw material 3 and encapsulant 4 of a compound semiconductor are put in in a crucible 1. The 
element 6 for vapor pressure control is put in in vapor pressure control-section (reservoir) 5a of a tight 
container 5, the crucible 1 is further installed on the susceptor 7 in crystal training section 5b of a tight 
container 5, evacuation of the inside of a tight container 5 is carried out, and it closes by cap 5c. The element 
6 for vapor pressure control is the simple substance or compound which consists of an element which is easy 
to volatilize among the configuration elements of the single crystal to grow up. 

[0018] The tight container 5 is installed in the predetermined location in the vertical mold heating furnace 8, it 
heats at a heater 9, and a raw material 3 and encapsulant 4 are dissolved. Although not limited especially, it is 
good to use the heater of the three-step configuration of the shape of a cylinder which considers as a heater 
9, for example, consists of heater 9for the crystal training sections A, heater 9for the seed crystal sections B, 
and heater 9C for vapor pressure control sections at least. 

[0019] Each output of each [ these ] heaters 9A, 9B, and 9C is adjusted, and a single crystal 10 is grown up 
toward the upper part by cooling raw material melt 3 from the lower part to the temperature below the melting 
point gradually, maintaining a predetermined temperature gradient which serves as an elevated temperature 
from a seed crystal 2 side gradually toward the upper part of raw material melt 3. The vapor pressure in a 
tight container 5 is maintained at a suitable pressure by output adjustment of heater 9C for vapor pressure 
control sections in that case. 

[0020] The bottom part toward which the crucible 1 inclined at least about the temperature gradient at the 
time of cooling here, Namely, a field until training of the body section of a crystal is started from the solid- 
liquid interface of the seed crystal 2 at the crystal training initiation time, and raw material melt 3 ( drawing 1 
reference) It is appropriate that 1 degrees C/cm or more less than 5 degrees C /of 2 degrees C/cm or more 
4.5 degrees C /or less of temperature gradients in the field of D of this drawing are more preferably set to cm 
cm cm in 3 degrees C/cm or more 4 degrees C /or less. The reason is that a temperature gradient becomes 
easy to be influenced of ambient temperature by cm in less than 1 degree C /, and is because temperature 
fluctuation becomes large by cm in 5 degrees C /or more. Moreover, there is an advantage that a proper 
training rate and the rate of single-crystaHzing will be obtained if a temperature gradient is 2 degrees C/cm - 
4.5 degrees C/cm, and it is more desirable if a temperature gradient is 3 degrees C/cm - 4 degrees C/cm 
further. 

[0021] Moreover, it checks that form a thermocouple 1 1 in contact with the outside of the part corresponding 
to the crucible bottom of a tight container 5, measure temperature fluctuation with the thermocouple 11, and 
temperature fluctuation has magnitude of predetermined within the limits. In addition, you may make it adjust 
the output of each heaters 9A, 9B, and 9C so that the measured temperature fluctuation may become the 
magnitude of predetermined within the limits. About the tolerance of temperature fluctuation, it asks by 
preliminary experiment etc. As a result of conducting preliminary experiment as the configuration shown in 
drawing 2 is also, it turned out that the tolerance of temperature fluctuation is **0.1 degrees C or less. The 
reason is that it will become easy to generate twin crystal and polycrystal if temperature fluctuation deviates 
from the tolerance. 

[0022] While according to the above-mentioned operation gestalt making the predetermined 80-degree or 
more include angle alpha of less than 90 degrees and inclining to a perpendicular direction so that base 1b of a 
crucible 1 may become low gradually toward the core The radius of curvature of 1d of corners between base 
1b and side-face 1c uses the 0mm or more crucible [ like ] 1 it is [ crucible ] 10mm or less. The temperature 
gradient of the crystal growth direction of the inclined crucible bottom part (said field D) at least 1 degrees 
C/cm or more less than 5 degrees C/cm while controlling preferably so that 2 degrees C/cm or more 4.5 
degrees C /or less are more preferably set to cm cm in 3 degrees C/cm or more 4 degrees C /or less — raw 
material melt 3 — gradually — cooling — VGF, since it was made to grow up a compound semiconductor 
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single crystal by law the increase of crystal 10 — a diameter — after a crystal 10 grows in the shape of 
flatness along with base 1b of a crucible 1 from raw material melt 3 first, without being formed, while the solid- 
liquid interface had made the shape of flatness, a crystal 10 grows toward the upper part further. Therefore, 
since there is no crystal increase diameter, the yield»of the watfer from the obtained single crystal ingot is high, 
and productivity is good, moreover, the temperature gradient at the time of solidification of raw material melt 3 
— small — a thing with small temperature fluctuation — in addition, since generating of the facet at the time 
of carrying out body section HE shift from a crystal shoulder is controlled, generating of twin crystal and 
polycrystal is controlled and a single crystal is obtained by the high yield. 

[0023] Furthermore, the single crystal of high quality without twin crystal or polycrystal is obtained by the high 
yield, without causing the increment in cost, since a heating furnace 8 has unnecessary piping for cooling 
media etc., and the conventional heating furnace can be used as it is. 

[0024] in addition, the gestalt of the above-mentioned implementation — setting — this invention — VGF — 
although the case where it applied to law was explained, this invention is applicable also to a VB method. 
[0025] 

[Example] The place by which gives an example and the example of a comparison to below, and it is 
characterized [ of this invention ] is clarified. In addition, this invention is not limited at all by each following 
example. 

[0026] (Example 1) As a crucible, the diameter used the crucible 1 made from pBN of the configuration which 
thickness shows to drawing 1 which is 3mm by about 3 inches. Moreover, the include angle alpha which base 
1b of an end crater 1 which receives perpendicularly makes was made into 87 degrees C. Moreover, the radius 
of curvature of 1d of corners between base 1b and side-face 1c of a crucible 1 was set to 4mm. 
[0027] The seed crystal 2 set to seed crystal installation section 1a of a crucible 1 from a GaAs single crystal 
is put in, and it is B-2 03 of optimum dose as about 3kg GaAs polycrystal and encapsulant 4 as a raw material 
3 in a crucible 1 further. It put in. Then, after installing the crucible 1 into which 8g arsenic was put into vapor 
pressure control-section 5a of the quartz ampul which is a tight container 5 as an element 6 for vapor 
pressure control, and a raw material 3 and encapsulant 4 were put on the susceptor 7 in quartz ampul, the 
vacuum lock was carried out by cap 5c. And the tight container 5 was installed in the vertical mold heating 
furnace 8 of a three-step heater configuration, as shown in drawing 2 R> 2. In addition, Ga and As are put in in 
a crucible 1 and you may make it make them compound directly instead of using GaAs polycrystal as a raw 
material 3. 

[0028] While heating the end crater 1 boiled so that it may become the upper limit of seed crystal 2, and the 
temperature whose raw material 3 is 1 238 degrees C - 1 255 degrees C and dissolving a raw material 3 and 
encapsulant 4 by heater 9for the crystal training sections A, and heater 9B for the seed crystal sections, it 
heated so that it might become 605 degrees C about vapor pressure control-section 5a by heater 9C for 
vapor pressure control sections. Moreover, it was made for the temperature gradient in the field D until 
training of the body section of a crystal is started from the solid-liquid interface of the bottom part, i.e., the 
seed crystal 2 at the crystal training initiation time and raw material melt 3, toward which the crucible 1 
inclined to be set to cm in 3.5 degrees C /. The temperature fluctuation measured with the thermocouple 1 1 
at this time was **0.06 degrees C. 

[0029] In this condition, the laying temperature of a heating furnace 8 was lowered continuously, and training 
of a crystal was started so that the training rate of a crystal might be set to per hour 2mm. When about 30 
hours had passed since crystal training initiation, raw material melt 3 was solidified altogether. Then, the 
heating furnace 8 whole was cooled at the temperature fall rate of 100 degrees C/h, when it got cold to near 
the room temperature, the tight container 5 was taken out from the inside of a heating furnace 8, the tight 
container 5 was broken and the crystal was taken out. The obtained crystal was a GaAs single crystal of 
crystal orientation (100) with an overall length of about 12cm for the diameter of about 3 inches, and when the 
crystallinity was investigated, twin crystal or polycrystal were not generated at all. Moreover, this single crystal 
ingot was cut and dislocation density was two or less [ 1000cm - ] in every field of a crystal at ****** and 
the time about dislocation density. 

[0030] When single crystal growth of GaAs was performed 20 times on the same conditions as the above- 
mentioned example, about 18 times, the single crystal without twin crystal or polycrystal was obtained among 
those. 

[0031] (Example 2) Except having set the radius of curvature of 1d of corners between base 1b and side-face 
1c of a crucible 1 to 10mm, it is the same conditions as the above-mentioned example 1, and single crystal 
growth of GaAs was performed 5 times. Consequently, about 4 times of crystal growth, the single crystal 
without twin crystal or polycrystal was obtained, the above-mentioned example 1 — radius of curvature — a 
few — large — having carried out (4mm having been set to 10mm) — time — a single crystal — although the 
yield fell for a while, the yield was better than the example of a comparison mentioned later. 
[0032] in addition, except for GaAs — the compound semiconductor of zincblende structures, such as InP and 
GaP, — VGF — this invention is effective also when manufacturing by law or the VB method. 
[0033] (Example 1 of a comparison) The GaAs single crystal was manufactured like the above-mentioned 
example 1 using a crucible [ as / whose include angle alpha which the base of the end crater which receives 
perpendicularly makes is 30 degrees ] made from pBN. In addition, conditions other than the include angle 
alpha of a crucible bottom were the same as the above-mentioned example 1. Since twin crystal was 
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generated in the crystal increase diameter until it results [ from seed crystal ] in the obtained crystal at the 
body section and bearing had changed, it was impossible to have used the crystal as a crystal for semi- 
conductor substrates. When single crystal growth of GaAs was performed 5 times on the same conditions, 
although two in the obtained crystal of five were a single crysfcil, twin crystal was generated into the crystal of 
three and they were unusable. 

[0034] (Example 2 of a comparison) The same crucible 1 as the above-mentioned example 1 was used, the 
temperature gradient of the bottom part (said field D) toward which the crucible 1 inclined was set [ cm ] up in 
1 5 degrees C /, and the GaAs single crystal was manufactured like the above-mentioned example 1 . In 
addition, conditions other than the temperature gradient of the bottom part of a crucible 1 were the same as 
the above-mentioned example. When the temperature fluctuation at the time of crystal growth was measured 
with the thermocouple 1 1 , it was **0.3 degrees C. the obtained crystal — the — an increase — a diameter — 
it was impossible for polycrystal to have been generated and to have used the crystal as a crystal for semi- 
conductor substrates. When single crystal growth of GaAs was performed 5 times on the same conditions, it 
was one that it was a single crystal among the obtained crystals of five, polycrystal was generated into other 
crystals of four and it was unusable. Moreover, when the GaAs crystal of the single crystal obtained only one 
was cut and dislocation density was investigated, in every field of a crystal, dislocation density was over 
5000cm-2. 
[0035] 

[Effect of the Invention] According to this invention, install seed crystal in the seed crystal installation circles 
of a crucible pars basilaris ossis occipitalis, and the raw material and encapsulant of a compound 
semiconductor are put in in the crucible. After enclosing the crucible in a tight container, install this tight 
container in the heating furnace of a vertical mold, and heating fusion of said raw material and said 
encapsulant is carried out at a heater. In growing up the single crystal of a compound semiconductor by 
cooling the obtained raw material melt gradually from the bottom, and making it solidify toward the upper part 
from said seed crystal as said crucible While using the crucible which made predetermined 80-degree or more 
include angle of less than 90 degrees, and inclined to the perpendicular direction so that the base may become 
low gradually toward the core In order to control the temperature gradient of the crystal growth direction of 
the inclined crucible bottom part at least to become in cm and 1 degrees C/cm or more less than 5 degrees 
C /and to perform crystal growth at the time of crystal growth, the increase of a crystal — a diameter — 
since training of the body section is immediately started after crystal training initiation, without being formed, 
the yield of the wafer from the obtained single crystal ingot is high, and productivity is good. Moreover, the 
temperature gradient at the time of solidification of raw material melt is small, since temperature fluctuation is 
small, generating of twin crystal and polycrystal is controlled and a single crystal is obtained by the high yield. 
Furthermore, the single crystal of high quality is obtained by the high yield, without causing the increment in 
cost, since piping of a heating furnace for cooling media etc. is unnecessary, and the conventional heating 
furnace can be used as it is. 

[0036] Moreover, according to this invention, since the radius of curvature of the boundary part of the base of 
said crucible and a side face is 0mm or more 10mm or less, the crystal growth time amount of the shift part 
from a crystal shoulder to the body section of a training crystal becomes short, generating of a facet is 
controlled, and generating of twin crystal is prevented. 
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* NOTICES * 

JPO and NCI PI are not responsible for any ^ ^ 
damages caused by the use of this translation* 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of an example of the crucible used for operation of this invention. 
[Drawing 2] It is the schematic diagram of the crystal growth furnace used when this invention is applied to 
the VGF method. 
[Description of Notations] 

1 Crucible 

1a Seed crystal installation section 
1b The base of a crucible 
1c The side face of a crucible 
1d Corner of a crucible 

2 Seed Crystal 

3 Raw Material 

4 Encapsulant 

5 Tight Container 

8 Heating Furnace (Crystal Growth Furnace) 

9 Heater 

10 Single Crystal 
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1S:S L X frlEH*4& tfttCM Jtffl « t - * i= * y immi 
attafr & ±*icfii^ o r Blft * -fr * c t ic j: y <b£«8 

?KStt*lRll::*tLT8 0 o &±9 0° *H(DRffSfte 

*ftLTfM»Lfc6o«*ffl^4fci:t,l:: % MAM 
<7>;E® *JE£ 1 °C/cmi5l± 5 0 C/cm5tciS ft * J: 5 KM 

OmmKLtl Onrn&TT?fe£C<!:*ftgte^£ 

[»*«3] #£L<li. ttG«ol£jtffi#a>t£BJft 
«*fiJ0>aa4liat2 <, C/cnJSl±4. 5°C/cm&T<!:ft 

[»*W4] *y»*L<i*. «rE*oisjs«»a>« 

■*ft*fi<DaK4gE* 3 °C/cmm± 4 °C/cmlsJlT £ ft 
« <fc 5 £: « »«t -T £S«*Ji 1 *fctt 215 

rtft*-a-6ct*i»«i:-r*Bi*ai, 2 S 3*fci*4 
[Miawirera] 

[000 1 ] 

h?y-v># (isiT, vGFt«o ) j**m^u 

[0 0 0 2] 

EC) 3*tL<l**¥^'J^^> (HB) StfXJKtt 

R»0)^x/\-jb<»b*l-&. ft<*ttlt$«J (B2 0 3 ) * 
ttffl LT l^fc tf>S«J£0)ISStf » b *t* ft 4f©*BW< 

ttafiW*A©«a^Etf**i*fc*>ea* 

©l£tt««A<K<fty. *©M£Jt!l*TftSLfcFE 
ft»tt^bLTL*5il^SBrA<fc* 0 HB 



1bM4^oa«MUk*H1b»««fe»*a««:A« 

ftoT L£ 5 ft £0>«Bn&<fc*. 
[0 0 0 3] *ZV. LECatHBa^ttl-FtKOfi 

7«J-v>^ (VGF) ««I?'J*/;7> (VB) 
>£A<lI3g£;ftTl>£o C*lbVGF>£*>VB>£l*, RflT 

tta««*fii a>a*4gE «)isi£{i^g(7)^a 

3b<S«lc»€,*i4tL^«Hrt*-r*. LfrU VGF 

axtfvBfl&Kfcin:!** iPrt<Dt5-f^fta**ilia)R 
»**iM**oB»coiaia^ji*a)Wi*fti+*>'r < • 
5Ra^*ea3&^±L^-n^t>5*^*^o 

[0 0 0 4] ZtltCDX&O)?*. tFna>aS&M0)lg 
Wzoivctt* ifi*a>SMItt«ra)«Hlc<fcy*}B*ttr 

*-ci*«. *o«*^&©*isafl)*±icoi^r 

MtttJbffl (B2 03 ) 0)««lcJ:y|»jtC*** 
[0 0 0 5] L^Lfttfb, 5Ra©«*l=»LTI**/£ 

*»ftBSih*tta***iTi^fttv ^1^. t«a(oa:H« 
•fey*. «aw*iB*&jai^&iiiiH*Bi=s**"c©*a* 

[0006] G a A s I n P*>G a P 5 ft^EfB 
*±5t*t<DI«lctt*«ftH«A<*-6-i:^*)A^r^ 

§0 fftfr*. (100) *tt©tta*»rt-r*»*. 

(111) 77tvH#«l, :©77^?i 

«a*J**ffofci:;:?u 3Ra<D*±Lfcl*a-ett. * 

[0 0 0 7] (1 1 1) 77t9 M* (1 0 0) 
5 4. 7° ©ft****. ttoT, -ttlcl*. (1 1 
1 ) 77tf hSA<a*l*0)SI«CfctolC. «£«©£ 
S£ [9 0° -5 4. 7° ] -fftfc>*>3 5. 3° UITt 
LTWo L*U <-r*t. f#b 

*tfc<*ai4*a«©«^t«>i:ftorL*L\ ^x/n- 

4 0° -5 0° a*l-*r«i:^5K^4»ft**tr^6 
jV, 3Raa>»±Wjhfci^ja-ctt+»ftJtt*^»&*L , r 

L^ftl^ 0 

[0 0 0 8] W5-1 9 40 7 3^81: 

14. it^fflJ0)ftaA<8 0° -100° tft^>J:5ft^O 

iPtt®l^LTEBS;K¥ft^fS3lc^a^Ag$-y-. $blcg 

a*±o«*&-rcfc5ic*ft*#fca, 5 1 

/cin-1 5 B C/cra©a*4gETtf)ftaJLTffl<b*-B-4* 
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5°C/cm~1 5°C/cni<&;£g^E$SftLOOlgi 

-1 9 4 0 7 3#4*«l:icfc*Ui. ^S^JlBA<5 0 C/cm^ 

lcB*0SK#tf*tiBLB<. JMSatfdtaLBl** 
**lTl*4. aa43EAM 5°C/cm£ffi;l6<!:li 

»|::BfcLTL*l\ f>h7>f hA<±Cr*^^bL 

[0009] 

mmW)kL*ottz>B®] t^uft^b* ±em 

^5-1 9 4 07 3^HlC^*tl/i:^S3g*}4 
bfr&**lfc. -Tftt)*. W5-1 94073« 

^JS^iEA< 5 0 C/cmJa±"eiiIi*4ia*4>a)«55lc«*: 
Si*&«?l*+#fc'J**<fc&-i\ 3R»^>#tt«*<«±L 

afl>»**w«**-*#^#fci\. t»hv> 

[0010] **BJ3tt. ±EPms*»*f *fcJ6i::ft 

[00 1 1 ] 

[«e***f *fc«xo#«] ±Eiw*ajsw*fc*> 

Maja**fir5Cfclc«fcoT. &aa>S&±tt¥0>Sl*Jt 
HSJ £ff*/«-f -5 - * ft < MA $«fi * C £ tfT * £ 

**:. »»iii*^&Ma*±iatti=**** 

ri=¥B«l-J«*tt*Cfcl=*y, ff*Mk»4>0)aS 

yhfttiJt*. ttor»a3ft«»±LS<ft6a>T. ^a 

[00 1 2] *&9JI** ±gE^lglC&^£fc£ftfct<3 
V. JS»**lc«M«0)»««**-r*6oS(©tt«M 

aBBSftKBMaeKBu M*o«rtizft***» 



E«»aW»E»±«l*t-*ICc»:y»IHMIIL. *#b 

Hfc»»«a«T«iA^6ffc^i-»aiLr«rE«Ma^& 

±*icfiA^oTHft*#*cfcic«kyftft«B*»(*. M 
lcnstBM9Wta>fl:fttt¥**a)J»Ma$All»«« 

o r ft* icik < ft « <*: o izmmfifo iz» l r a 0 0 
o«ittt»a)Mart»*fiia)aaE«Et 1 °c/cm&±5 

•C/cm**. »*L<l*2°C/cml^±4. 5°C/cm& 
T, cfcy»*t<l*3^/cmJ5l±4°C/cinKlTi:ft^«fc 
5lc«»+**0>-e**. *fc. *E6olS 
ajkBfcflB£:0>ttJMMh rft*>*W«Mao. SSJI 
■»^6IlH»^a)WfT»»lc«at" *ft«0)ft»*« 
£0mm&±1 0mn)tkTtt&b0)X'&&o 
[00 13] **lfcJ:oT, m&M£Ml&+6Z.h&< 

i»»«t«A^Ma*<¥a«ica«-r*. ji**Bj« 

*A»LTBft*14-*B(J!)aKftE*</h*^fcft % ;&J£ 
tf>b^A<'h£<ft£o Wfi£Ma<7). MaBB*& 
■■«^oo»ff»»0)Ma*ftWlll2&««<<i:y. 7rt 
v h0ft£«<nM±*U 3Raa>36*A<Bf±**t6o 

M«Mi=j=yaK»6frMXLfeMii. aaw>&#tt 

±0. 1^iaTT?fc*0#B3-efc*o 
[00 14] 

[£H0>Xftti>»B] iil:lt *aH0>MSlc«B* 

vg F&iz®mLtzmz&mzh*m®f£&ip<»®m< 

[0 0 15] ^Bnizff««MaHB«li H ett. EM lc 
3P*J:5lc. «or£iO)B04>AI^BMaBBtti a# 

Rlt&*U 1 (DJg®1 btf*<Z)*'DI::|p]fro 

Tft*lCft<ftSJ:5lcSit*Ifi|lC»Lr8 0 0 &±9 
0° *aa>Braft«a*ftLT«»-r*«k5l=»rt**t 
rft66oSi*ffll^So SoliKDBffii afl)Ma 
A<8 0° &±9 0° *ft-efe&£&l*» 8 0° 

*£<fto-c. Ba^Bft-r*fc«)-e*y. 90 0 m± 

[0 0 16] *^«1tt. *<0BB1 bt«B1 

ctOt&ftttft. t ft^*>Sf*3SaO). ^aifflJA^bil 
flH«^<D8tTffl»lcffl^-r§ftffl1 dOft^*SA<0mm 
ia±1 OnmJslTtftor^StCD-Cftio 6olSl<D. 

**ltf. *a>B**B^ 1 0mnJ:y**#L^, ftB<D 
«4«W«*LTL*l^ »*L<ftL^&T?fc*. 
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fl$*g0nm, -T**5*»ft»l d;b<S3®leftoTl>ft< 

[0 0 17] *LT. 0 2 le^-f 6o£l<7>& 
BBKBtf 1 art(c«eS2*A*t. SoBMrtlcfc* 

ftEMfMtt CJ1f-/<) 5artle»ftEMWfl)<D5cB6 
£A*U i5l:«M5fl)HWit(5b«W? 
*7±lc*<D*o(Si*KBU KCH5ntX$« 
ftLT**??5cl::*y»±1-*. BAEMBBtcB 

» cfc « ft L < ttfc**n?*4. 

[0018] «a>M»«5«iKaAin^8na)Br3Sa 

flKBBU t-4»9lC*yin»LTJW»3*tf»jt» 
4*Bfi$«o KlcBSLftlvtf* t-*9±LTfl 
*tf*«<ttlW1lrt«fflt-*9A. BBAffiffit 

-* 9 B&tfS&EMWttJIlt--* 9 c»6tt«nMtt 
<7>3fg«j£<Dt-*£ffll^£J:l\> 
[0 0 1 9] ^ftbftfc— £ 9 A. 9B, 9 CCDS-ib* 
SPSLT. Bttft2flfr&ft*Mft3a±:&leffl*o 

9 ca)ffi^nsicj; uaa&E*ic«fc*i*. 

[0020] ::t\ fc»B#<Daft*Ei::oi*Tl*. '> 
ft<**4ofln<&«BLfc*IMh *ftfr**SaWl« 

Btttt£<DBtt£2£K*Mk»3 tomfc&mfrbm&k 

Ba>D0)«l«) lCfcl*5M43Ej&<. 1°C/cmW±5°C 
/cm*iS. »*L<l42°C/cmJ2l±4. 5°C/cmJiJlT. 
cfc y »* L < f* 3 °C/cm&± 4 °C/cm&T i: ft *<B 

^r*fc€)o *a>a*i*. b**iea< i °c/cm*is-eiii? 

BftaftO>BB**lfS<ft*fr&T?fcy* 5°C/cm& 

±"ci*a*»6W**<ft*^6-cfc*. *fc. at 

^E*<2°C/cm-4. 5°C/cmt?feW^ fflIEftWJS» 
ft t JUSAWtfil b *t« fc l^MWV. * b leg 
ft^0E^3°C>/cm-4 o C/cm-efettl^ £ytfSLl*« 
[002 1] Sfc. &!&gSS5<D. *0«Bfc»J&f* 
Biffa>ftBlcft«*M 1lrl*LTKM\ tfl>B**t1 1 

iz cfc y afttf> b i?* a£ Lraftio & ttWHSBBAa 

***lefto-Cl*«Zi:«iB**. ftfc\ ^CD;li)^L 
fcaft* b WBrSBHrt©** S l= ft * * 5 left t - 
*9A. 9B. 9C(Ddi^^i)IS-r^cfc5(eLTtcfc 
I*. a»*&Sfa>»*«Bieot^Ttt. TBMMFlcJ: 

y*»rfi<. mziz^tmtitX't-oT^mmmz'rTo 
a**6#a>»»BBi*±o. i°c&TT*fc£ 
:tWofc. -Koasi*. aftrt>bS?*<*o)»»B 
B*a»i-r*t. 5Ra^>*B**<B±L^-r<ft*^b 



[0022] ±E*B»fflie<fc*itf, *ol£i<DJl®i 
bA<-tO)*ibleiR|^oT»^left<ft4J:5leBH*Rl 

ie«LT8o e a±9o § ibmcommn&otZteLxm 

»LXi*&bbklz % JS®1 b&BBi c<tO)ra(OftgiJ 
1 d0ffl^SA<OmmJa±1 0mnJUTT*fe&£5ft<5O 
*ft<£**OB»Lfc*o«B«# (It 
B«« D ) a>BB«<« A0>aft4B^ 1 °C/cm&± 5 
0 C/cm*iS, #£L<l*2 0 C/cni&±4. 5°C/cm& 
T; ^y»^L<li3°C/cmia±4 0 C/cm^Ti:ft^<fc 

5 icbb l ft b mmmfc 3 * ie#aj uvgf^ 
ic«kyjb*ft*»(*J|iBJit*«****5icLfcfc 
a. *sai oo)iiaM35<»rt**i-rie*-rB»Ba33^ 

b^Sl 0A<*ol£l<BBB1 ble»oT¥attlcrtft 
Lfctt. B«*BA<¥«**ftLfc***6leBai 0 
*«±*lefi^or**^*. ffior, £ilii*I6iJA<ftl* 
fcto, »&ftfcJM&B-f hfrbtD^XM-cDiR* 
jOTKSfflfeWa*. *fc. II»M*3(D@<bB#<DSS 
*JEA<>Jn£<. a««>6#^'h*l^ietp*r, $S&JI 

[0023] $bie. tam&8\*)mmtaonwtfi 

=i*h(Dii*n£ffl<C<tft<, 5RSA>*1SS 
®ftl*ftaX®*BB]OT*B£yi?W&ft*. 

[0 0 2 4] ftfc\ ±EBB<D»«l=fcl*TI**Bffl* 

v g f* ie®s Lfc«*icoivc«s Ltztfs *nm* 
v B&\zbmm-5imx&z> 0 

[002 5] 

[MKfl] ttTfc. BBflftltttlKB*«lf-C*BBa> 

ToftHjKffjiej: yfir6HS**i4 ta>-ei*ftL^. 

[0026] (MKfli) SolS^LT. H«A<«3-< 
>^-eH$A<3mmOI21 1 izm+MftO) p B NS^olS 1 
SrfflL^fco *fc, SS*ffi]le^LTi)Ol^i(DlS® 1 b 
A<ft-rftfta^8 7°C^:Lfco «olf 10). Jgffi 
1 b<tij®1 c<t<7)^<7)^ai1 d(Dft$¥&£4mmi:L 

[0 0 2 7] *OlSia>«eaS!B»1 aCGaAsf 

&B*yft«S£B2£Atu a?6i=*oami=B» 

3 b LT*?)3kg(DG a A s »«B t lt±9J 4 <t LTjgfi 
CDB2 O3 SAtlfco ga^T. mS§S5T*fe^5HT 

v ^kdss«e«ijw« 5 a \zm%KMwm7tm ebLx 

8gO)BBtA*i, B»3&tf»Jh*l4*A*ifc*oS 

1 *5*7>^UrtO)-9-fe^*7±ie»fiLfcB. 
^^5cle*yJlffi»JhLfc. ^LT, Sl^g§l5^E] 

2 le^-f «fe 5 le 3 fSt t— * BAOBSftiBtP 8 flleiftg 
Lfco ftfc, W»3tLTGaAs*BBSflBl^4ftt5 
yic. 4olSlrtleGai:As*A3|xr-t*t6*Ittt* 



(5) 
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[0028] tsaw*fflfflt-^ 9 Aft^«ea»fflt 

-*9BI=*U. WIM2<l>±*tmn3tfil 2 3 8°C 
-1 2 5 5°C<&S&£ft££5l::£otf 1 ZtimLXm 

mt-*9C\Z& UXftEM«fl5 a £6 0 5°C£ft£ 

t?^teaw«BBtsK*o)«tea 2 1 mnmm 3 <t 

<&b#0&s**i 1 ic«fcyas£LfcM0&s?i*±o. 0 
6°cr*feofco 

[00 2 9] COttSSTf. &&<0fttit&BLtfiU#2mt 

ft** 0 i=iniiBWp8 (Dusaa * aawicTif rtta© 

SfifcSBSlLfco ttAWMftfttbttaoiMMHLft: 

■ML-eBMWatt^rowtLfc. totMFs 
£<*£*ib#i oo°c©»aas-ejftau, aais<*-e 

*M5t«L-cisa**yBLfc. ff&4ife«attit 
ai&3-f >^-e**jsi 2cm<^saa*{i (100 <&g 
aAs*isa-efcy* *a>»att*»^fcfcc5sjia^ 

*«ai**<*±LTL*ftfrofco 
0)«J«lCj3L^r tlEtttfKI* 1 0 0 Ocm-2JUT-Cfco 
[0 0 3 0] ±E*««£B-a>ft#"eGa AsOfg 

I*. aa***a©fti**«*#»&*ifc. 

[003 1 ] (31*6^2) <D, It® 1 btfj® 

1 c£0>B0)ftfin d 0>fl*¥«* 1 Ornnt LfcJSl^ 
tt, ±E*»fl 1 i: B Cft#"C, G a A s 0Dm*SAfi£A 

3Ra*>*ttaa>ft^*isa^»63hfc- ±B3Si6tti£ 

y*fl**SS'>L*#< Lfc (4mm* 1 OmmfcLfc) 

<tc5> JMsaa>#«y*<*LftTLfcA<. tt»-r*it 

[0 0 3 2] ftfc\ Ga AsJSWHc* I nP^GaP^ 

£0>nnMtB«i>a)flsM'Hi(*« v q f a^v b& 

lc*y«a-r6»ftlct*36WI**»T*ft* 0 
[0033] UUMD SB»[fi|lc»L-C*o«(DlS 

SffllV ±ES««1 tBttKLT. GaAs»«a<D 
»a*ffofc 0 ftfc\ 4o«JgO)ftJtofJ2ma>ftftl*± 

GSffifflh tHii:-e*ofco »&*Lfcttai-i*««a^ 
&«fi«ics4*-ea)«aita«ic5Ra^»4Lr*5 
y, jtttfttotLSofcB, *a>«A*¥»(*» 
KffloeatLrttffl-rficitt^Pift-cfcofc, b- 

a>ft#-CGaAsO)*ISart«*5ElfTofci:C5. » 
btl/c5^(7)3jSacD ; 5*)2*l^ear*fco/c^ 3* 

[0034] citKffii 2 ) ±bs&»«i <t in] 1:401*1 



«WBU 4o«ia>IM»Lfc*»# (HEfWftD) o 
&£4E£ 1 5°C/cm(cift$L-C. ±E$ffiffll tH« 

ICLTGa AsmSSa^SS^fTofcc ft*>\ 
a>Jta»©ajt 43iBfiinO!)ftfttt±Blt»« fc B C ft 

o^o itAjftAttaiU#&#£iwt*M nc*yas 
Lfc<tc5. ±0. 3°cr*fco/co &t>titz&&\z\t* 
©iia«c*ttaA<*±LTfey. *<D*sii 
fifflrottafcLTtta-riztii^Rrft-cfcofc. n- 

©ftfr-CGa AsO)*ttart«*5BtTo/=i:C5. « 
bftfc 5 *<D&A<& 5 6 JUttA"*! fc o fc(DI* 1 *filfC 

fey, tea)4*<o«aictt*ea*<«±LTfcyttffl^F 

BJglT'feofco 1*ei+»&*lfc**aa)GaA 

sisatWKLrcttM^H^fcfcc*. *sa<&£a> 

«*l::j3lvc*|£tt»*l*5 0 0 0cm-2£ig^ri>fco 
[0035] 

sawicatgAfcRifiu *a>*oisrticftd**«M» 

ALfcflL ttfttt«S«lK&a>AllR^nic|HILTttB 

«»atf^»±*itt-*ic*yip»iMiL. *#bft 
fc»»ii«tT«^6*^ic)WLr«rB«*a^&± 
*ic^or fflfc*-&* - 1 ic* y 4t£m*m#o>mt& 
A*j*A***i::*fcoT, TOESorstur. 
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